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Author's' Abstract 



Under thi,'s gr^nt we have examined' some methods used to 
make inferences about mental structures • Tl^r introduction 
reports this analysis • , " . , . ^ * » 

Our experimental studies have concerned the role of menVal 
structures in four different areas of research. Each of the 
areas constitutes > one section of bur. final report • The fir^t: area 
involves th*e recognition of ling'uistic stimuli* We*'presentr a struc- 
•tural analysis, of isolable sxibsystej^s involved in visual and 'auditory 
pattern recognition* Experiments have* been diregted to t^e question 
of the"ro]|e of the^e isolabie structured in the process oi dealing 
with auditory. and visual tasks* The setOnd main area hasT involved 
study of the encoding^ arid retrieval of emotional or .eva-lfiatiye in- 
formation. The thi^rd field we examined concerns the production of 
voluntary movements.. - These ii^clude complex patterns of /actively' 
^nd passively executed arm movements and eye mov.ements./ The fourth 
area cuts across work in the other three arid deals witw distinctions ^ 
betwefen automatic processing and processing which is uilder active 
attentional control. Our e^erimentp^ave dealt with Alertness, 
selectivity and .conscious .direction as components of-' attention. We 
have been' interested in, the relationship between mentaC ^structures ' ' 
in. general anid the 'brain systems which stibserve the functions of 
(Eonsciousneas. . ^ * ^ , " * 1 * 

\he final i3art of ttie report deals briefly with if forts to 
make our jfdeas of mental structure available, in the fc^rm o^coursW 
r.^4^^^A^^L TJiese incliide a brief outline of a n^w^ in1:roductory 
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Introduction 



The" idea of mental, structures ,as underlying, constructs in the 
sfeudy of psychological questions goes back to th«^^ birth 9f pLsychology__ 
in th,e late 19th century. Wundt and Brentano argued about the status 
of such mental^ structures. Wundf held that mental structures wer-e ah 
appropriate subject of psychology' because of thjeir availability to' 
introspection. Brentano' argued that introspection could only reveal 
acts performed, on strjactures and -not structtjfes themselves, since^ - 
thpy lay. outside the field of consciousness. Both Wundt and Bt^entano 
agreed that' the boundary of psychology lay at <the borders of con- 
sciousness and questions outside- this boundary were properly left for 
physiology. $ ^ ' • 

* 

The cognitive psychology initiated in the last two decadjes 'is 
based upon a conception of man which* ha^ come to be called *^-the infor- 
mation processing view.'* This conceptiorf is .one in which the .'subject ' 
of psychology is the organization and flow of.^ information in the 
nervous system. .Thus, on^ -of the central problems for the information 
processing approach is to relate thpse mentaj* ,Qperations which .giye 
rise to subjective experiences available' to introspection ^ with »"those 
that do/not. in this sense the information pnpcessing 'approach pro- • 
vifies a neutral language in which to relate -the problems of bralh 
and mind. Thrs conception has given risQ €o many new questions and' 
findings about mental structure* which form the basis for our 
research. ' . \ ' • . • ' / ^ 

In our use -of .the information processin^/approach, two. basic ^ 
methodologies have dominated. 'These are measurements of the time • 
required for the 'performance of a ments^l operation ^nd the degijee 
of interference between two mental operations which need to be 
performed at the same time. A' brief description of our use of 
these two methods is outlined belov. ' . ' 

Time for mental operations * " • 

In 1850 thQ German physiologist Helmholtz jdetermined the speed ^ • 
of neural conduction, thus- overturning an olji philosophical theory 
of the infinite rate of nervous processes. Within ten years others 
led by the Dutch^i$hysiologist Donders had developedj^ methods for 
measuring the time for such mental operations as dxscri'mination and 
choice. - . 



erJc 



-In the 1950 's the -time for mental operations was^^tudied in 
connection with the amount of information carried by a signal. • For 
example, Hiflc and Hyman found that the .amoCint of information trans- . 
mitted by a subject was proportipnal to his reaction time. Fitts ■ 
showed that the time fot accurate movements depended upon the amown.€ 
of information which the movement generated. Tftese findings rekin- 
dled the Idea that time served as a natural metric for the study of 
mental op^erations, each" mental operation requiring a measurable 
"amount of time. • , 



• . 8 
The st;.udy of mental chronome^ry" has been intense in recent 
years-. ''The orderliness of -^ime relations of mental operations made 
them a favorite method for the .study of the relationship between .•• 
internal event;^. ' Consider the s'i^nple task of pressing a' key to 
indie at whether, two simurtaheoiji letters or words are the "same" 
or "different". Suppose the definition of "same" is' that.. two 
letters are either both v^we^s or both Consonants, or that two 
words reffer to lg.ving th'ings or nonliving things^ There are differ- 
ent bases up*fi which such a decision might made.. The letters' "or 
words might be ^visually identical (e.g., AA) , they may . h&ve 'the' same 
name bute not the i<Jentical shape (e.g., Aa),,or they may be identical 
only in that, -they have a cla'ssif ication sxich as vowel or animal in 
common (e.g., AE dr Hee^-salmon) . This lo^ica^l analysis is" beauti- 
fully ref lected''in the time between presenting "a pair of items and ' ' 
the response* to ^.'t (reaction time) despite the fact that subjects' 
never knbw which kind of pair will occur on a giv^n tri^I.* Figure 
1 shows reaction time to 'various types of pairs. '. 

The tim^ to match a pair of letters which agree only in -name • ^ 
is about 80 msec longer than for a pair which is also identiaL 
visually. .Suppose you were g.iven two' simultaneoijs strings .of .-latt-eE^ 
consisting of one to four vertical paifs.- Each pair is either phvsi-' 

' • ' ABFR • ' ^ 

cally identical (e.g., ^^gpr,) , or one pair iis identical in name only 

^ ABfR- ' °^ pairs , are identical in name only { ^^^^ ). The' same 

pairs are mixed with an equal number of. trials containing a noniden- 
tical.pair. ,The'"time to make* a "same" xdsponse increases by ,60 msec 
for each physically identical pair. "If the list contains one name 
identity pair, a parallel line about 80 msec above is- obtained. If 
the list contains all name pairs, a npw tuHction is obta^.ned wi'th 
the slope increased by 80 msec (see Figure 2). 

i ■ \ *' 1 

These kinds of, results* have encouraged, the de^velopment of . ' 
mental chronometry as a basic way of ineasuring mental oper^atlons. 

Competition between operations ' " '* , ^ 

A second way of measuring mental oper^l^iofvaT depends Upon' 'an 
observation fir^ made by the biologist Jacques Lofeb. JJoeb proposed 
to 'measure mfental operations by tfie amount* of interf erence between 
some stapdai^d task and the -mental operation to be measured. For him* 
the question was hot the time meptal operations required, but rather 
•how much of man's limited capacity attentional syptem'they d6manded. " 
In thfe first volume of the American Journal of Physiology Jeanette ^ 
Welsh (1898) published a study in which she used maximum hand pres- ' 
sure as a standard task and developed a coefficient of attention* 
for many simple mental operations such -^s, arithmetic, counting and 
rfeading/ The general idea Which stems from Loeb's contribution is 
that any two tasks which demand access to the same neural processing 
system will interfere with each other* 
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RTs for letter" pairs and word pairs that are physicaXly identical, 
' . ' have the same n^li^e or obey tfte same rule. 
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The time to respond to two strings of letters as a functirfn 



of the number of pairs in the string. 



In Loeb*s original conception the interference was between 
entire t^^s. This basic conception was represented ' in the 1950 "s 
by the idea that man could be conceived as a single infoxmation 
processir\g channel. Whil^ one signal was^being processed,, this f a 
channel was refractory to the handliTig of 'o'ther s^ignals. . Thus, the 
brain was conceived as a single unified channel, and any mental ' 
operations took a/portion of that pverall channel capacity. 

However, as long ago as the 1800 the French psychologist Binet 
and ^liss in this country, among othCTs, had proposed that gome vplun- 
tary actions were automated in the sense of not requiring any of tbe " 
limited attentional capacity of the human. Fitts recognized that 
highly skilled tasks might become automated in this sen^e. In the 
last dozen years or so there has become incifeasing evidence to suggest 
that the interference between .tasks is a function dk the degree to 
which they involve the same neural qrstem^. For example, tasks which 
involve spatial imagery, tend to interfere with visual processing, 
»while tasks which require verbal imagery interfere with auditory 
input. Requiring the subject to hold- letter names in store inter.^ 
feres quite strpngly with processing other names, but Relatively 
little with visual information processing. These demonstrations^ / 
that the degree of similarity in a psycholocfical and a neurological 
sense 'between the tasks has a great influence on the degree to which . 
they can be tinfe-shared, suggest that the interference between tasks 
depends upon the degree io which they use the same neural system. 

On the other hand, there may be neural systems, of sufch great 
generality that nearly any psychological task places a load upon 
them. Thus, we. seek distinction between interference effects which « 
depend upon the similarity between tasks anjd thope which are rela^- 
tively;free of similarity effects. By thi^ technjlque it is possible 
to determine theuse of mechanisms respoit^ible for the highest level 
of integration^m:hin the nervous systeih. These %echahisms will 
tend to show widespread* interference effects. More specialized 
mechanisms will show interference effects only with things that are 
quite similar to them. , * A . 

< , . v^^ • \ 

Our general contention is that ^11 raentd^ operations can be 
measured in terms dT^the time that they require. Moreover, all 
mental operations 'wi,ll ]^ave specific facilitory and inhibitory / 
effects upon other operations quite similar to them. However only 
a subset of mental operations will demand use of the highest inte- 
grative mechanisms and thus produce such widespread interference 
that mental operations of many different types will be inhibited. 
The study of int^fei^ce between signals is used to distinguish 
between automatLc kinddj^of information processing, and those which 
may be used to^reate new mental structures. 

These techniques, can be applied to ipany dif f erent" psych^lsgical - 
problems, tney are methodological points rather than substantive 
.ones, ways, of finding out rather than results.' In. the sections 
which follow we apply these techniques to a number of different 
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problems in" hopes of further elucidating the -mental stjructures. and 
cognitive. operations- involved in pattern recognition, emotion/ 
mq-vement control and attention. ' ^, * * ' 

♦ ' • * • * • 

• / ■■ • 
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Pattern Recognition of Linguistic Stimuli 
« * 

Isolable - stru^gtures * ^ 

i 

In- previous wprk we have reviewed the component structures^ 
involved in .visual and auditory pattern recognition of linguistic 
stimuli -(Posner, LeWis and Conrad, 1972) • Although the physiolo- 
gical' pathways of input of auditory and visual information are quite 
sepa;:ate, there are many common properties among these systems* 
For 'both visual and auditory pattern recognition it is possible to 
vi*^' the recognition process in terms of component structures which 
may be isolated in particular behavioral tasks* 



Liberman (;L970) dividfes the recognition of speech into ^.an ^ ^ 
accpustic (physical) and 'phonetic level* The idea is that the ' 
accoustic *input string activctes , pattern recognizers at the phonetic 
level, which give rise to categorical interpretation of. the input 
.infofmation. Figute 3 al«o shows a similar analysis for visual 
recognition of -letters which arises from our own work on letter* 
»atchi1ig.^ In. both, cases a physical representation <jf tire inpu*t 
signal overlaps an unconscious recognition process which provides 
a categorical output* ^ • 

This categorical output a.t the phonetic level for speech appears 
to involve an analysis . * which is indifferent to the 

phyiiical feature of the ioput it^m* Thus, item6 which differ along 
accoustic dimensions are classified intp the same phonetic category^ 
A very similar process classifies different types of print as 
instatnces of the 'same letter in the visUal system* It had been 
thought tltat the auditory and visual systems differed irl -the' ability 
to use inforhiation ,f rom the stimulus level in behavioral judgments • 
A recent result shows ^that these differences appear to be more 
quantitative than, qualitative* For e^xample, it is possible to sh<)w 
that two physically different (e*g*, Aa) visual stimuli which have 
the same name take longer t<J classify as "same" than two physically 
identical visual fiti'muli, and that it takes longer to cl^issify two 
accoustically dRff ferent tokens of *the same phonetic .category as . 
"same*'' than it: does when the two tokens are identical (Pisoni. 1974) • 

Perhaps because of our habitual' processing modes,- or perhaps 
because of the inborn character of auditory to phonetic distinctions 
(Eimas^ 1971^ the ability of subjects to be aware of distinctions 
between accoustic realizations of the same phonetic category appears 
to bejpuch less thap the ability of subjects to do so with visual 
digttnctions* But in general one Wst^e impressed with the degree 
df similarity in the basic workings of the pattern recognition- 
systems for auditory and visual stimuli* 

Hierarchical orqanirzation . ^ ' 

•• ' ' ' , ' 

Vlh^.t appears as the hierarchical natu;eft«pf the organi-zation of 
the isolable systems shown in Figure 3 is, mil^'ading. Retent results. 
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Levels of processing for auditory and visual input 
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*at, both the physiological and at the behavioral level indicate that 
both visual and audifeory pattern recognition levels tend to operate 
in parallel and ;iot ih a serial fashion. I have made this point in 
several published articles CPosner, 15J69; Posner, Conrad and Lewis, ^ 
1972). , . . 

The physio],pgi(pal evidence reviewed by Stone (1972) suggestg^ 
that the structural hierarcliy obtained by Hubel and Wi^sel in 
their study of visujalrpattern recognition in monkeys, in which # 
simple, complex and iiypercompl&x .cells seem to form a hierarchical 
generalization on the stimulus input, breaks down when one looks' ' 
at a temporal analysis of the functions of these levels. Indeed, it 
appears' that simple and hypercoAiplex cells are more rapidly activated 
from lower levels of stimulation than are the complex cells. < 

In much the samq way there appears to^be no 'simple hierarchy 
in the behavioral task either. For example, it is possible to have 
tasks which require the manipulation of the physical stimulus 
(Shepard and^ Metzle;r, 1971) which go on for much longer times than ^ 
th^ time to name or classify the in^ut. Thus, persistence in the 
processing at the more peripheral levels allows^ them to' overlap in 
time with deeper levels of processing. This same result has been 
reported in recent work by Wood'*Cl974) in the .^uditory system. 
Thus^'the notion of isolable subsystems which'handle different aspects 
or levels of signals does not suggest that they form a strict hier- 
archy^ either at the physio.logical or at ^h^e behavioral level 
Because of this lack. of hierarchical organization, it is necessary 
.Xfi study the coordination of these isolable subsystems in different* 
ta^ks. A number of our experiments have been directed to, this 
question. 

Coordination of codes 

Under this grant we undertook, a study of the coordination of 
codes in a number of different experimental situations. These 
include visual search, search of atftiVe memory and^^ehear^al and 
translation processes. This paper has been putjlislied under the title 
"Coordination of Internal Codes" in Chase, W. G., ed., Visual- 
Information Processing ^ ^ 

tet me summarize the results of thfese studies and ^d 
to them those which have been o'btained sinde the time of -the publi- 
cation of that paper. In these studies we found that many tasks 
Vy^^ich involve the lookup of information from memory depend upon ^ 
tac^^e than one isolable code. For example, in the visual search task^' 
both thre physical feature of the visual form and its name combine 
to influence the time for the subject to do the task. I^ is impossible, 
o^ at least very difficult, for the subjects to avoid the influence 
of both of the codes. More interesting, it was found that even when- 
information comes by separate modalities such* as simultaneous audi- 
tory and visual information, the search processes occur io very 
much the same way as if all the items .were in the same tode. The . * 
results of on^ extensive study are shown in Figure 4. ' ' , 
• • • 
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The search time is exactly the same though all the material had 
been presente^ either aurally or visually. This result suggests to 
me that althofi[gh the input of pa.ttern^ recognition processes are 
quite separate, the organization of such items in the nervous system 
involves tight conneatrons , between the different input modalities. 
This means that as far as search processes are concerned, the origin 
of the item unimportant. This rosUlt might be less surprising if 
it were not coupled with another result which in a sense contradicts 
it. If the subject is able to procesp,thB information consciously, 
that is, if he is able to concentrate upon the code of a particular ' 
item, then we find that the represefhtation of that item is code-, 
specific. Thus, the represen-tation 'of items in actfve and long term 
■memory does not seem to be much affected by- the code of input, but 
when tire subject goes to' think about a particular item, the code in 
whicfc he conceives the item has a vast. effect upon its processing.' 
These results are pointed out in the ."Coordination of interna* codes"' 
paper. , . . " ' " ' 

• • • . ♦ 

* ' ' ' " - . 

Range of activatio n • ' " " 

There may be two different reasons that search of memory is jiot 
much affected by the input modality of the items. One ^Possibility 
may be that an input item tends to activate codes which represent .. 
different ^isolable subsystems^utomatically . Thus, -the presentation 
of -9 given item irrespectiv^'^of-.input modality would provide^ 'activa- 
tion of all codes of that item associated with it. , This wo^ld- mean 
that If a letter was presented aurally, its visual code woulti be 
active as th0ugh4.it had been pr.esented visually. Another • possible 
ex^rl-anation ^t>g^hat the co_ding of input items is translated into 

m _ .'^^^ which no longer deals with -t^he information 

'in the individual input code^, ' Many recent theories (Anderson and 
Bower, a973) have favofed a more abstract level of representation 
for items. On the other hand, much, of our work has indicated .the 
possibility -of a multiple code interpretation. For example Warren 
has shown that .a given input word." will activate a variety of asso- 
ciates, even without the subject's intention. -Moreover, Rogers (1972 
1974) has shown some evidence for the activation of , the visual" ' 
representation ^of an auditory stimulus even', without active -effort 
by the subjects Thys, it is possible that the input item activates 
a multiplicity of codes, and this is the reason that -search tasks 
do not :show a difference depending on the input mpddlity. ■ 

individual differences 

-I-f, as our data seem to indicate, an input item activates a 
•wide range of codes in the nervous system of -which the person is 
aware qf only a .subset, there "is interest in what determines that 
subset. This appears to be a good place to look for differences 
among individuals in the code to which they habitually attend. 
In the Coordination of codes" paper we presented some evidence 
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by Snyder (197?) that subjecfts' who report themselves as high in 
visual imagery tend to perforjji well on tasks involving the rotation 
of complex forms and also on certain aspects of lettei; percesption . 
which emphasizes the? physical code of the let/fer. 

A more extensive analysis of individual differences in auditory 
processing, has beeri reported by Day (1973). She* distinguishes ' 
between two groups of subjects. One she calls language bound. 
They ^era to deal primarily with the" linguistic interpretation 'of 
ipput. The othet group she calls stimulus bound ^nd .they appear to 
be free .to access the physical code as well as the higher, level 
analysis. We used mir high and low imagery subjects- on a task 
which Day had explored. TKi^ task required " subjects to find a set - 
of target letters in each bf a li^t of words or nonsense strings. 
Day showed that language bbund subjects had trouble in doing the 
task when t\e items in which the targets were located were words-. 
Our data were not too' clear cut, but they led us to hypothesize 
that high imagery subjects (stimulus bound in Day's terminology) 
tended to perform the task in 'a -visual code, while iow imagery 
subjects appeared to recode the items into letter names. Further 
.tests nfeed to be made of this idea, 

• In anothe,r study Snyder found that high imagery subjects were 
less influenced than low imagery subjects by the common name of 
physically different letters (e.g., Aa) when' required to classify 
them as physically different. This f iqding may" pelate* to one 
reported by Hunt, LpnneborV ^nd Frost (1973) in vhich they foUnd 
that high verbal scorers on the SAT (perhaps language" bound in - 
thte Day termiutf^lre^^) also seemed to show S smaller difference 
between, physical and name matches than low verbal scorfers. . Presum- 
ably this was because the- name code could be accessed more easily 
by the high verba;Ls. f 

• 

These experiments indicate a number of ties between ways of 
classifying subjects that are used ijj different laboratories. If 
they can be tied more firmly to pattern recognition levels "we may 
have important new techniques for dealing with differences- between 
individuals. 



Adaptation .of linguistic detectors * * . ' 

llecently Eimas and Corbin (1975rhave presented some evidence 
th^t feature detectors in the auditory system can be ad'apted by*^ 
repeated stimulation. Their evidence is equivocal since the shift ^ 
they find in the boundary of the identification functions could be 
predicted either by adaptation or by repeated stimuli better defining 
an auditory target. Our experiments designed to adapt detectors 
for visual letters using, an increase ifi reaction time or signal 
detection as a .criterion were 'unsuccessful.' 
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At present We .are attempting to replicate the Eimas effect 
using an increase in reaction time to ibhe adapted stimulus as a 
9rit4rion. Thd results obtained So far. provide substantial support 
xdr the adaptation expla'tiation. If t4iis, Continues to occur, we will 
be anxious to determine whether this rep^8s6nts a genuine difference 
between the raode^ of pattern recognition^ Or whether the flifferencea- 
are due to methodological dist^-nctiona^ ^ \ 

Summary 

» Our wojrk' in' pa^^tern recognition suggests the cogency of an 
analysis based 'upon ravels of processing In b<jth visual and auditory 
pattern recognition. It also indicates the range of codes acti.vated 
by a given input item. Because there* rs \)idespread automatic acti-. 
vatldn of codes, it beco^ies important to d^ertaine how, limited capa- 
city conscious mechanisms are contacted by th6s6 cpdes. ' Our ^results 
suggest that conscious processing is quite ^ecific and that the 
pa?:ticular codes used may be a matter of indi^vidual differences or 
of training. 
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Emotion: 



The .study pt -^motion has been broad and* diffuse. We shall 

• take .as a working definit?ion of emotion that provided by Magda ' 
Arnol4 (1970).- She defines 'emotion as "the felt tendency toward 
something appraised as good (Snd likedj or away' from sometlfing 

• appraised as bad (and disl iked) ," . Althopigh pur general definition 
wUL a^^ree with Arnold's, our work is somewhat broader .than this 
definition in that" we will be c6ncerned with the antecedents of- the 

. 'felt tendency." These ^tecedents may not themselves be felt, 
that is, may not be con.scious'grocessesr but rather may be unavail- * 
able to introspection, z . 

Views of emotio.n ^ 

Neuropsychological accou)|it-s of emotion have enjoyed historical 
prominence in psychqlogy. William James (18ff4) held the view that • . 
our e)cperiene-6 of emotion; lay; in- the feedback from .autonomic respori^es.. 
His formulation emphasiiied the relationship between autonomic responses 
and subjective experience and was a reaction to what he took, to* be 
the. traditional view of emotion in which a conscious cognitidn Of 
the input mediated between the ^timulva and the feeling of emotion. 
This traditional vi^w is shown in a flow diagram in the upper panel 
of Figure 5.. James* view emphasizfed the cognition or conscious 
content as arising out of thef emotional aut6nomic responses, as ' 
shown in the middle panel of Figure 5.^ Cannon (1927) suggested ' ' 
infetead that the autonomic responses and the subjective experience 
were both, the result of classifications of input by the central 
•nervous system. Cannon's view is widely accepted; however, most • 
research has concerned how hypothalamic 'activity controlled the 
autonomic system and n6t the question of why a stimulus input pro- . 
duces hypothalamic activation in the first place. Figure 5 shows 
that n^ne of the views of emotion deal with the Memorial represen- 
tation of information that allows the stimulus "input to be classified 
in a way wl^ich would .produce emotional responses at..either the con- " 
scioys or the autonomic level. This lack of concern with 'the memory 
representation of emotion is surprising ^n light..-of the current wide 
interest in mental operations and their representation, fiut it should 
be pointed ouj that prior to Bruner's 19^7 paper y which began the trend 
IHT 5®^^^P*^i°" as a process of clas^f icatipn/ most psychdlogical 
.views of perception focussed on the co^i^cious coAtent,^not on the 
problem^of how ^n input .would be classified'. 

Jlecently Schacter (1962) has shown that the cognitive labelling 
an-a, Interpretation of autonomic , states has^very important effects - 
c^K^xS® behavidr of subjects'^ in emotion-arousing, si tuiftibns. * 
^''5^f>J®^^sj!fP^y "ot deal with an explicit enough Processing 

model to tell us 'at what-level* this cognitive component is aroused: 

I • #^ 

Herbert Simon (1967) among recent theorists of cognitive 
psychology, has specifically dismissed the role of affect in an 
information processing system. He argueg that it has two purposes. 
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^ Various views concerning, the processing of emotion; 



©ne .is to. serve a means of determining when a particular problem 
solution IS satisfactory^ The second is as an -interruption mechanise. 
In this role affect allows a "serial processor" to respond to uraent * 
npeds in real timd. uiycuv . 

t ' ■ ^ ' . ■ ' 

Unfortunately, Simon had an implicit view of human information 
processing which rises primarily out of verbal, accounts of subjects ' 
la the process of prob^lem solving. He conceived of the human as ' - 
primarily a sferiai . processor of information.. For this reason, emotion 
which appears to. arise outside of the 'serial process and to intrude 
Itself upon; the serial processor, seemed to be a yery stoecial 'type 
of irrfo-rmation processing -activity. This view of the uniqueness of 
emotion as a dimension of information processing is one that is ' 
rather widely held either ex{jli^:itly or implicitly. 

..There « is a moderate amount of empirical iiteratur*e which supports 
vtne.yiew of emotion as intruding upon conscious activity. Some Of 
these data arise- from" studies- of subception (L'azarus and McCleary. 
1951). These studies sho;Jed 'that the threshold necessary to''evok4 
,an emotional response <GSR) to a stilnulus was lower than that required 
for a verbal response. One implication of "studies 6f this type was 
to suggest that emotional responding to a stimulus could be obtained 
prior. to the consciqQs awareness which leads to the verbal report of 
stimulus identity. Unfortunately,, these important' studies -of pubcep- ' 
rsR\rrH^r^? by the difficult problem of relating ihe continuous . 
A oh!?^ ^^^^al identification thresholds. 

A sira.ilar difficulty has plagued more recent efforts (WiclCens. 1972) 
to estajia,sh that emotional dimensions' are encoded prior to those 
involved in semantic interpret atio^n. 

• Perhaps the mpsfe impressive -evidence favoring the availability 
of em^t-ipal reactions outside of t'he . serial -processor are recent 
studies br0^)rteen and Wood C1972) and'von Wright (19744 .. in these 
studies subjects are required to shadow a message presented to one 
ear by speaking" back the words as quickly as possible. At .varying 

K^^^^^^""-^^^?' the other ear which have been paired 

with shock previously are exposed to- the subjects. There .is clear 
^hto^n^ ^S^^^ emission.of GSR responses -at rates of shadowing -\ 
T^iS ™ ^ ^xclude' the subject's ability to report semantiS \ ' 

information coming from the ujiattended ear. Moreover, in the work \ 

IVZ ?f '^5^^^ -^^""^ ^^^^ ^^^^ °f «SR Response .on \ 

the unattended ear was as great as on t;he attended ear. . \ 

fh. cS^ofi^^^'i^^^K? £fo^^"^^ ""^^ regard to' emotions seem to confirii 
^ono^^f which- Simon has suggested fqr.it. Howeve^-the 

rt t,r. ^r'^^fu°f se^'^^tii processing has also been changing rapidly. 
It now appears that most pf the habitual processihg involvld in 
extraction of meaning from auditory or visual words 

f°!f require a conscious search process. Rather, the percept . 

an SL^??.^ T^" as contacting its represeatation in'^emo^y 
m an, automatic and parallel fashion (Kefele. 1973- Shiffrin 1974- 
and LaBcrge, 1974 J . The limited capacity" conscious p^^^^^ 

cessing .ystem often enters the picture only late in ?he process 

J 
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of comprehension (Conrad, 1974.; Posri^ and .^der, 1974). For ejif^mple, 

. i-l^-haa-_feeenshDwn•, that ari aiftbiguous worti. will activate representations' 
i"^ 'yi§^JO-elnory--sy«tgn^ both of -its meanings, - even 'under 

^ c^^s where context cleaTiy^prodUces conscious aw^£enT5ss-o£_QXlly one 
O^-^he i:wo meanijigs. Moreover, worcfS7p^«aejited on the unattendec 
may have the effec^:<^^f contacting semanjtic utHjEs^^ti ^itemriiy (^^ 
«1970) and of disambiguating information presented to theatter ' 
TFjcKay, 1973). • ; ' • . . • . ' 

• . * . ' ■ 

The new views of .language percep€iOn are hierarchical, in that a ' 
word will successfully contacf its p^oAol'ogical, phonetic and semantic 
\ representatior^. This process may go on* entirely outside of the sub- 
ject's conscious awareness. .Thus,_ the evidence that emotion can bte . 
released without awareness of the input itfemj which caus^ it cannot 
be used to establish a difference between evaluative and* other 
semantic dimensions. • " 

Despite our better understanding . of the relationship' of conscious 
attention and memory, we are left with no clear answer to the question, 
about whether emotions differ in their representation in. memory . from 
other semantic dimensions, and if they 'do, "how they differ. 



Evaluative meaning of" words 

There has been a substantial empirical literature" studying the 
acquisition and utilization of the evaluative meaning of words and 
objects. For example, it is -known that a classical conditioning 
procedure • may be used to transfer an emotional response from either 
an unconditioned stimulus or one which has already been conditioned 
•to a presently neutral stimulus (Statts and Statts, 1957). 

* 

The btilk of recent investigations of emotion and its memorial- 
representation have involved the emotional connotation of :^rait • 
descriptive adjectives. ' Asch (194 6) investigated the impressions 
which people formed of others based on a series of adjective traits 
describing a given person. This has le^ to a long series of experi- 
mental investigations CAnderson, 1972) in which people have atteJnpted 
to form deliberate impressions of others from listening to a set of 
trait descriptive adjectives. It is clear from these studies that 
?fo?c? impressions. Moreover, Anderson and Hubert 

41965) have argued that the storage of such information is separate 
from the specific set of adjectives by j^hich this information is 
conveyed. The basis for Anderson's view is that if asked to recall 
the adjectives in a given list, the subject shows a relatively 
strong recency effect, but if ask^ to rate his overall emotional 
response to the person, the primacy effect is stronger'. .This evidence 
for a difference m storage systems is relatively weak for two reasons, 
tirst the experiment forceg a subject to concentrate his attention 
upon the development of an impression. Yet, as we have seen above 
the more interesting cases of emotion ar^ those in which emotion s4ems 
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to intrude tipo.n a person rather than being constructed deliberately 
by him. Second^ the data from free recall certainly argue that the 
exact serial position obtained from a list of items will depend not- 
only upon the memory system used but also upon the length of time 
between the presentation and recall and the exact form of tl^e recall 
process, Thus^ the difference in serial position curves between 
Jjnpression "formation and free recall really provide relatively little 
^eva3^nee.--Qn_tl^ nature of the storage syst^ems by which the emotional 
inf ormatiorTirB^^stari^d • 

# 

The conscious nature of the impression fqrmation task is evi- 
denced by the work of DAler J li969) , In much previous work (Kahneman 
1973) it has been shown rhat the conscious attention or effort inv^s^ 
ted in a stimulus will manifest itself an interference with other 
high priority tasks which the subject may be given. We have ^argued 
elsewhere that' this interference effect can bemused to measui?^ the 
use of a limited capacity progressing system in the solution >^'f the 
tasK problem, Thus^ if a subject is given a single letter followed 
after one second by a secbnd letter to which he is to respond "same" 
or "different"^ the interference to a secondary ' task is time lock^ 
to but preceeds the presentation of the second le1;ter* The encoding 
of information from' the first letter^is time locked to the first 
letter. Diller (19 69) showed how these same principles applied to 
the process of ijnpression formation as usually studied in the labor- 
atory • He found that when pairs of adjectives were inconsistent in 
the impression they give^ subjects invest a good deal more energy 
in the process of deriving an overall impression. These results 
give additional comfort to the efforts to study the process of im- 
pression formation within the general rubric of an information pro- 
cessing theory and by ^methods developed in ^information processing 
psychology.^ 

One -of the most fruitful paradigms, to study the level of repre- 
sentation of information is the short term memory scanning task 
developed by •Sternberg U966), Sternberg and others, have used this 
task . to separate out several'^processing stages tlirough which a 
subject goes in arriving at the judgment of whether an item was a 
member of a just immediately preceeding 'list. While there has been 
a good deal of dispute about the detslls of this model ^ it seems to 
be a good place to start in trying to determine what it is about 
emotion which might affect the ability of subjects to extract factual 
information. By use of this task, then, we seek an understanding 
of the level at Which emotional inforro^Jiion makes its impact upon 
the decision about a factual matter, namely the presence of a word 
in a. just previously presented list. After testing a number of • 
models in thi6 v.ery short term memory situation, we then ask how 
emotional * information compared with specific item information over ^ 
^timev It might well be expected that the retention characteristics 
of emotional. information would differ from\that of specific items. 



* Retrievs[l of item and value information ^. . 

In order/to observe t^he relationship between 'th6' emotion and . 
iteur information, we. provided subjects with three kinds of sentences. 
The sentences always consisted of\a single proper name followed by 
one, ^ two or 'fou;* adjectives. The ad jectives •might be all positive 
in emoCipnal ^tone, all. negative iq emotional tone, or a mixture of 
positive and negative .^one^, . The words were selected from nouns 
provided by Anderson, Following the. sentence\sub'jects , wer^ given 
a single probe word, , On half , the 'trials the probe matched 'one of 
the adjectives in the sentence, and on the other half it did not. 
^Subjects were^ tp respond as rapidly as possible whether the item 
in the .probe matched an item in the sentence.^ 

The basic results of the experiment are quite. simple, /or "yes"" 
responses reaction, times did not differ for positive, negative, or --^ 
neutral lists. This evidence seemed to indicate that the emotional / 
tone of the list was haying no effect upon the subject's judgment. 
There was one indication of a difference between the^lists. The* 
neutral list showed systematically greater » errors as the si2,e of 
t^ie list became longer, whereas the positive and negative lists did 
not show, such a systematic incr<§^e with list siz^. Presumably 
• something about the consistent ttfne of the list and the fact that it 
matched the tonejof the probe ^wa^I'lbelping the subject to avoid making"" 
erirors, > * ^ 



This 'effect. can be seen more closely by ex&mining the "rto" i * 
responses, /T-he "no" responses may be broken dqwn into two ^ypes, 
those in which the emotional tone mat:ched the list and those in 
which it did, not. We compared the two different kinds of "no" 
responses averaged across conditions where the list was positive 
and where ft was negative^ This is a particularly' sensitive compar- 
ison since the probes are' the s'ame in both conditions* The results 
show a :3mall but significantly faster -reaction time when the emotional 
response is opposite to that Qf the list than when it is identical. 
This is accompanied by a small but significant reduction in error 
when the emotional response did not match the list, 'While the dif- 
ferei?ce in reaction times between matching and mismatching ''no" ^ 
responses does not change as a ^function of size of the li^t, the' 
error differences change sharply as a functbn of si«;e of the list, 
"When the list consists or. four items, there is a much higher prdba- 
bility that the subject will. make an error where the emotional ^ 
response matches'the list than wh^n it does not match, . * 

What do these results tell us about the relationship of the 
•item information and the emotion? They provide some' constraints . 
which can be used to reduce the set of applicable models*. But they 
do not provide by themselveis a Very ciearcut model, . 
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First /consider the fact that the emotional tone Ifas some effect. 
All previous studies of strait descriptive adjectives have deliberately 
set the formation of an impress iort as the subject's task. This ex- 
periment did not. Indeed, :a match in emotion is^not a re^feible " cue 
in the neutral conditi^on and would produce only ^75 corr^je-c responses 
. in the positive and negative conditions. Yet, there are'Ctear effects 
of the Impression on the task. It is clear then that the impression . 
can be lealrried "incidentally" in the sense that no deliberHe instruc- 
tions need be given. . Introspective reports from bur subjects say that 
' they are aware of the fact that' the names of^en had a positive or 
. negative connotation. It w6vld be interesting to reduce the cue 
Validity still further. ^ ' - ' * 

Given that the emcjdonal ' response has some effect, one possible 
model would, be to" suppbfle that subjects first tried to base t!heir 
reaction upon the emotional response and only, then if that failed, 
turn to the item information.' Thus, when the emotional tone mis- 
matched they could respond quickly because that is a valid cue to 
a "no" reiaponse. This model clearly will not do. If the subjects 
first compared the- emotional response of the probe with the list • ' 
it would be expected that the reaction time to "no" responses' which 

i-^ emotion would not dfepend upo,n set size^ producing a . ^ 
flat relationship between emotion and set size. . This' is dlearly ' 
not the case, and is sufficient to reject the idea that subjects X 
attend first to the emotipn and then do the processing of the item • 
information. , ^ ^ 

A more likely model may be to suppose that each wor^t-consists 
of a const-ellatio'n of emotional and item information. Thus the * 
adjective "pleasant" is associated directly with its d,enotative 
and connotative meanings. In this view,. a probe word may be rejected 
as matching any. array word more quickly if the mismatch involved 
both item and emotion than if it invcjlved only item information.* ' 
Lxvely and Sanford (1972) have shown exactly this model applies- 
when a subject receives a list consisting either of digits or of 
consonants, and is given a probe which is' from the opposite cate- 
gory. The category information serves to reduce the slope of 
the response in a way which would be {>redicted if the category " 
and item information were searched as an integral whole. This* 

""^ !C ^u^^f}^ ^PP^y ^° present data, since the slope £ 

, of^he ^o' responses to misipatching emotions is at least as 
great as for matching emotions. 

MQ-7 -^^^ consider- a modiel proposed by Atkinson 

U973)t In this model subjects are thought first to derive a 
familiarity constar^t -which says "How familiar is this' -word?" 
If the word is either very famili'ar, or very unfamiliar, subjects 
can respond quickly. If the word is in thle middle, subjects must- 
then search the item information.* In- one previous study. Atkinson 
and others considered whether emotional responding would affect 
reaction times in a task quite similar to the one beipg described 
here. In thar task, subjects memorized a list of 16 words and 
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were required to pair some pf the words with a highly positive -, 
previous life experience and other words ,with a highly negative 
previous life experience. The remainder of the words weife'not \~ 
paired with previous life experience. The results of their exper- 
iment showed that reaction^ times paired with a positive or neg- 
•ative'life experience were both faster than. those paired with no 
previousr life' experience. The authors concluded that the fem'otional 
pairing pr^uced a stronger familiarity response for words which 
have sjjii^r emotional tone than' for those that do not; Their 
failure^Wget any difference between positive and negative emo- • 
.tional tone is similar to the, results oS our own experiment. 
However, since set size was not manipulated, they were not alale 
to conclude exactly where the emotional tone manipulation was 
* having its effect. 



If in the current experiment the emotional tone was "having 
its effect on the recognition process, one would expect that words 
highlyjpositive or highly negative in emotional tone would produce 
more .i*jkpgnition responses than neutral words. Thus; one would 
expect sul>i|cts would be faster regardless of whether the response 
•was yes or "no to words which were highly charged in emotion. This 
IS not the case. Thus, it does not appear that our effect is due 
, tp. increased familiarity pf positive or negative words. 



r * 

In the\r Loyola Symposium paper Atkinson and others suggest 
that the slope of the responses to prob.es which are outside the 
category of correct respoise serves as a measure of the degree- 
•of semantic analysis required prior to contact with information 
representing the category of the probe. There is considerable 
empirical support for this idea (Lively and Sanford 1972). 



Both the reaction time and error data obtained txom our experi- 
ment -seem most consistent witjL the following analysis of the rela- 
tion of emotional response to. tl^e item information. Suppose there 
are two independent memory structures. One memory structure Con- 
sists of a list of the names of the words which the subject has 
read m the sentence. The other memory system consists of an auto-' 
matical-ly abstracted impression based on an integration of the infor 
mation presented by the individual adjectives. The search of the 
memory structure representing the names of the item would increase' 
in reaction time as a functioh of the number of items in store. 
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On the other hand, the impression would tend to get stronger as we . 
increase the number of items cn which it is based, and one might 
expect a reduction in xeactior time. Since in our experiment judg- 
ments based on the emotional structure would only be reliable for 
mismatching -''no" responses, one would expect errors to i>ile up for 
"yes" and for matching "no" responses when the output of the emo- 
tional structure occurred prior to the output of the list structure. 
Thi3 would account for the high error rate with four item arrays. 

To test this idea* for a deliberate impression, we performed an 
experiment in which subjects received the same lists as described 
previously, but were asked to^determine if the probe item had the 
same emotional content as the previous li:^ts. Two kinds of positive 
responses arise. First are responses to those probe items which 
were identical to the ones in the previous list, and second those' 
which were not identical but shared the emotional tone. 

The results favor a two-process view of the 
matching task. ^The role of the number of items is to increase the 
reaction time for those items which match but to reduce it for those 
which mismatch. The two functions come together at about four item 
lists. 



^ In brief, what sfeems to happen is the' formation of two memory 
systems, one consisting of a list of item names and 
the other consisting of a generalized emotional response to the 
items. These separate memory structures appear to be oppc^sitely 
affected by item length. The data. seem most consistent with the 
view that each memory structure has an output to the binary deci- 
sion. In cases Vhere the two decisions agreo there seems to be * 
relatively little effect on overall reaction time or errors. In 
cases where they disagree, however, there appears to be a lengthen- 
ing of reaction t^me as if there were' some tendency to make the 
conflicting resp^se. However, the tendency seems slight unless 
we let the times ror the output get very close together. In that 
case there seems to be .a very difficult decision to 'be made and 
a high probability of error. 

Theise data then seem to agrde wi*fe-^e view of two separate 
memory systems laid down by the list items. It seen)s to be of 
interest to ask what happens to these choice systems as the reten- 
tion interval gets long .and as learning increases. We turn to 
this question in the next Section. 



Long term memory *. 

There is in the psychological literature a number of studies 
Which compare the retention of specific item information with the 
retention of more abstracted information which standis for (a set of 
items. Much of . this literature has rancjbm dot patterns to serve 
as the item instances. The subjects are required to classify a 
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set of patterns into a category. They seem to abstract from that 
a -prototype or central tendency wh'ich comes to stand for that cate- 
gory (Posner, 1969; Reed, 19721. We speculated that the abstraction 
of emotional xnformation and ^Lts storage in terms of s central tten- ' 
dency yould obey somewhat the same laws as that fpund in the previoxs 

"V: P^"^5"s- To study this we set up an experiment in which 
the subjects. had to learn a list of ten adjectives associated with 
each of •e proper names. On each of four succe^siv^ days, two, types 
of trials were giveh, list trials and name trials. On list trials 

ftJr,n^ t ^''^2^''!" ^ ^^^^ °^ adjectives selected from the ten 

associated with that name and were then probed with an adjective 
which was either from that list or not associated with the name " 
being tested. On name trials the. subject was merely given the 
^name of the person that was being tested, followed after the same 
retention interval by S single probe adjective. On the name trials 
we attempted to assess the long term memory structure which repre- 
sented the set of items associated with a person's name. 

Our results were puzzling. Looking first at the development 

^""^T^^ structure, v^e found a rapid decrease in reaction 
time and a rapid decrease in error as subjects learned to Associate 
4nno''^i5^^^-5^^°---^^^l^^^'^^^^ a personls_ n^me^ Relativ^.di£fer«- 
?^n! ?n !^ ^f- adjectives which matched in. emotional 

tone to those which did not was very large, much larger than in 
short term memory, and remained constant over days. ■ Apparently the 
subjects very quickly -learned' to represent a particular name hi an 
emotional value which could be used to quickly reject probes not 
e?JSJ differences""^^ ^^""^ enormous reaction time ami 

However, for Jist trials the picture was a bit different. It- 
all days are combined the overall results from list trials resemble ' 
-vw closely i:tiose obtained in the previous experiment. That is 
t^I^ reaction time for list -trials in which a subject' 

must, say "no",. to material of like emotional tone than to which he 
tanJ l??f:?e'ii° of unlike emotional- tone,'and a SonSomi- 
duHna^^f ^^r/" However this difference was not apparent 

Uii^^ ^^/^"^f"^ ^^S"""^ ^^y^ °f learning, but only during the 
'JSi ^^y*. Moreover, the effects 'were much largS in 

■p^evSis s?udyf°'''' ^5 "^^'^ experiment than they were in the 

Ho.roi'^^^^^^.^^^^^^f 'suggest that as the long term memory structure 
develops, the tendency of subjects, to base their short term judj! 
;Sf!?^fr.o\T\"" if ^"^re^sed. This finding may have one or two 
ni™f J 1 "'f^i''^^^''"^- possibility is that the use of the 

2^n^nn% subjects increasingly to pay attention to the 

!?^!^^2^i/^i^"'':Su" ^ °^ representing the list that they had ' 

l aLlTr, : V""^' ""^^ °^ emotional dimension would be 
a conscious strategy. Another possibility • is that as a long term 
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memory structure develops, the presentation of a list erf items from- 
within that structure automatically elicits the emotional v6lue 
attached to the original name^ Thus^^once a particular emotional 
•toAte is attached to a name, it might be expected that sub:^ectfl' 
ability to divorce judgments from that emotional tone would be 
impeded. In the ne?ct section we examine this possibility.' 



Transfer " • , 

In order to determine the ability of subjects to deal with 
separate shorty and long term memory structures we ran the following 
experiments. We trained sub;Jects to develop positive or-negative 
long term memory, structures for each of six! names. After this had 
been done, they were informed that they werp to be given either the 
old name or the name together with a new list 6f traits. On the 
name trials subjects were much fastei: .to prober which wpre of a 
different emotional tdne, inda<?ating' that thc^ training was success- 
ful.' However, on list trials there Was no effect of whether the 
emotional tone* list matched the long term memory* structure of the 
name. That is, -subjects Were able to separate the emotional tone 

^ ^he new list from that of the long jt^riti jaemogcy .atj^^ 

no cost. " I » 

The failure tb obtain automatic transfer effects was surprising 
to us. We thought the subjects would bm unable to Search the list 
without showing some effects from the long term' memory structure. 
Their^ ability to isolate the- two suggests that most of the effects 
of emotjion in our lon^ term memory studies were due to a conscious . • 
strategy and not to automatic access to the long term memory- infor- 
mation. , 



Summary 

Our e:q)eriments showed that a list of adjectives may leave 
an impression of the overall emotional tone even When there is no 
.instruction to develop one. This impression is accessed at a 
\f airly Mgh level of processing equivalent to other semantic 
associations to a word. Moreover^ the adjectives combing to leave 
m overall impression which is accessed as a whole and which increases 
^1 strength as a function of the number of like toned adjectives. 

^ 1?he emotional tone is a particularly salient aspect of long 
term memory as^ the reaction time to different toned adjectives are 
very much faster than those to like tone. On .the other hand^ the 
emotion does not seem tp transfer to affect search of new informa- 
tion which is provided about the name. Further transfer experiments 
are needed to determine more about the .way in which emotional tone 
affects various kinds of judgments. * % 
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Motor Control 



Work in information processing stages h.^s contained an implicit 
assumption that limited capacity processes always intervene between 
the presentation of a stimulus and the emergence of a response. 
While it is often acknowledged that various processes on the percep- • 
tual end ^nay go on in parallel 'and without interference, it is usually 
assumed that before a voluntary, overt response may emerge, some sort 
of limited capacity process must intervene. On 'the other hand the 
literature concerned with the study of skilled . performance has 
suggested that highly automate^ sequences of activity involving 
responses which the subject has made habitUally riiay go on without 
the involvement of attention. For example., Posner and Keele (1968') 
suggest that stereotyped responding does not require attention, 
except when one needs to correct errors between the motor .program 
and the movement, f 

There hav^ always been reasons to doubt that the activation of 
overt responses necessarily requires attention. One reason for this 
doubt is the relationship between the time, for responding and the 

amouht of informati on in th e stimul us. The ufl ngi fjn'^jng that - 

. reaction -time increases' with amount of information has been used 
to affirm the notion 'of a limited channel capacity in certain tasks. 
However, there have been tasks found in whicii the subject's reaction 
time doed not increase with the number of alternative stimuli. For 
example, if the subject's hands r.est on vibrating keys, Leonard has ' 
shown that pressing the key underneath the vibrator is not affected 
by the number of po.asible vibtators which might occur. .This might 
be^ thought of as a very special situation; except a similar result 
has been obtained in a task in which the subject is involved in 
naming letters or words.- Here the number of different letters or 
words which might occur da es not. seem to affect' the rate of infor- 
mation processing. In some sense, this appears to be a kind of 
functional reflex in which the "stimulus and response relationships 
are so compatible" that no search process is necessary to emit 
the response.. These highly compatible responding systems may be 
free from the requirement for attentional capacity in iorder to 
initialie the response. Another cdse in wliich responses ^o not seem 
to require attention for their initiation is found ih studies of 
shadowing. GSR responses to words Which have previously been 
paired with shock can occur on a channel to which the subject is 
not paying attention, . • . 

-Thus, there are piany reasons to suppose that responding may 
not necessarily requite attention. Instead, one may hol<%the view 
^Vn^ ^^^'""l^f-^esponse relationships represent |^ne level of informa- 
tion processing, while conscious attentional processes represent 
an entirely different level of processing. The relationship betwen- 
J^^r.^^^f^^ specified by an analysis of the pa?ticuU? 

task configuration, bu* no particular mental operation is restricted 
fro. ocpurring without the involvement of attentional capacity; 
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This sort of analysis also fits with results emerging from, 
the new ability to .record from single cells in freely moving, animals. 
For example, Evarts has ^hown that EMG and pyramidal activation can 
occur in some cases within 50 msec of stimulation. Thus, the signal 
IS transfered from sensory input to motor output at a very rapid rate. 
Similar results have been obtained in the eye movement system by 
Wurtz, who shows that rapid ad justmentg-^n collicular cell activity 
can occur when the subject is required to >move his eyes to a' stimulus. 
The6e ideas have led Evarts to propose a notion of cortical" reflexes, 
in which the cortex is involved in the control of the movement pat- 
tern, but it does not seem to be involved' in a way which gives r-ise 
.to attention. Because of the ability of * motor programs to be con- 
tacted dii'ectiy from input without the necessity for attentional 
processing to intervene, it- now becomes much more interesting to 
study the structure of such motor programs. Under thia- grant two main 
papers were written in this area, and ; 'a third line 

of researqh ■ has not yet produced final results. 

Motor programs 



— The rust pap^ir-was presented by Keele a-t the meeting ^ Atten- 
tion and Performance V. It deals with the way in whic|i motoV programs 
consisting of a number of simple elements may be represented in the 
nervous system. In a sense it is an effbr.t to respopd to Lashley's 
old question about hfsS/ the serial order of events is controlled'. The 
paper defines the reTpresentation in memory that guides a sequence of 
actions m a well learned dkill-as a motor program. One hypothesis 
about motor programs pasits th^it successive events are associated. 
The o-ccurrenqe of one event prepares a person for the event that 
normally follows it. Another hypothesis posits that successive events 
are associated with successive positions in the program. These hypo- 
theses were tested by comparing reaction times to the first event • 
back m sequence following an event that was out of place in sequence. 
In one condition, the first in sequence event was \he one that nor- 
mally would follow the misplaced one. 'In the second condition, the • 
event following an out of sequence one was one that normally would . 

position m the sequence -regardless of the preceding' " 
ev^nt. The ■ former condition resulted in faster reaction times a^ 
short response stimulus intervals, suggesting that motor program 
representation consists of event-to-event associations, at least 
for .unpatterned. sequences. ' , 

The method that Keele has developed here may allow a better 
^Sp^w^^o 2? ° representation of complex sequences of activity. 

I L I ?^ 5^^' ""^e^^tanding is that shor^ respbnse-stimulus interl 
vals should demand that subjects use natural associations 'present in 
the motor program, but with 'long response-stimulus intervals they 
may generate alternative hypotheses at higher levels of processing. • 
Just as in the study of levels of- i>rocessing in perception it may 
•thafare the kind? of ?epre^eitaUons 

ih?ih ^"•Pj^c^t the already existing motor structure and those 
?o h,^i?d " """"^r ^° Keele -hopes in futuVe studies 

to build, in patterns of events which have higher level grammatical 



structure • If tlie granuaaticaJ structure is represented in the 
motor program Itself, then it should show' up even at the briefest 
response-stimulus intervals. However, if the grammatical structure 

^ is somehow used to correct the already existing motor program, then 
it should not be. evidenced at. short response-stimulus intervals but 
only as additional time between stimulus and response gives the pos-' 
3ibility of the subject to bring to bear context information.. 
Although this work is closely related to that of Restle, the use of' • 
highly skilled responding and the careful measurement of time may 
allow us to piece apart levels of .processing in a way in which the. 

* Restle work Has not so far done. . . 

■V , ^ - ■ * 

, ^^isual and kinesthetic compone nts of skill 

A second paper produced under this grant represents the work of ' 
Raymond Klei'n.' Thi^ work is an attempt to bring together physiological 
and^ behavioral Results in the study o£ movement control. In particular 
It examines, the' control of Movement which is exercised by the atten- 
tional sS^stem. The general idea comes from. our previous work in atten- 
tion and implies that many dif ferfinli_Ajipiit codes arising -from^ a mave- 
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,ment may be in^uential in the control of the movement ± some level. 
However, should the subject commit himself to the conscious processing 
of a particular code, there may he an important inhibitory consequence 
upon other unselected codes. 'The current paper ejy^lores this theme 
by studying the "role of visual and kinesthetic codes in the acquisi- 
tion, initiation and control of 'movement. 

The paper can be inspected as a whole as it will be published 
shortly in Brain Research- but some idea of the nature of the findings 
can be obtained from the following summary. 

The performance of skilled movements gives rise to several 
sources of/feedback. It ±s important to determine whether and at 
what level these cues are used. i-This article considers those used 
at the highest level of conscious 'control* Several experimental tech-^ 
niques are outlined to investigate the role of attention in>the 
processing of visual and kinesthetic cues diTring the* acquisition, 
initiation and control of movements. 

^he mere presence of a visual pattern disrupts the acquisition 
of a kinesthetic pattern, while the |>resence of a kinesthetic pattern, 
does not affect the acquisition of a visual pattern unless the sub- 
ject is forced to attend to the kinesthetic information. In the ' 
initiation of simple ^,n)ovements, kinesthetic cues seem to be ignored 
when visual cues ard'.present, even though this delays initiation. 
These results support *he. view that vision dominates- kinesthesis at ' 
the level of central att^jnt^oni 

'.-•{■.■> ■ " 

Attentional mechanj-enis may be involved in the initiation of 
discrete movements. Within the context of a continuous tracking 
task anticipated cofrections appear to demand more attention than 
those which are not anticipated. 



34. 



Eye inoventgnts 

__• - ■ • • . . 

Because of our interest in the study of more natural responding 
^systems which can be closely related to perceptual input, a, substan- 
tial effort has been made in the study of the control of the <5ye moveT^ 
ment system. Hye movements are measured by electrodes placeji oh the 
temporal asfect of' each eye, thus allowing us to, obtain. changos in 
.electrical activity due to' horizontal movements/ 

. Our experiment invoTWs having the subject examine a central 
fixation po±n1: which consists of a Single letter. After half a 
second a niatching letter occurs at one of three positions either 
to^the left or to the right of fixation. In one condition th^ sub- 
ject's task is to move to any letter which occurs. On half the 
trials the letteY which occurs happens to match, the .input letter, 
while on the other half ofif the trials it does not. In another con- 
dition, the subject is required to determine whether the letter 
matches or, not^and is instructed to move his eyes only^ if the 
letter matches in one subconditi'on, and only if it mismatches in 
the other. 

The logic-of this study is as follows. Our results have indi- 
cated that^wfi e n a p a thway i s activate d, a letter sharing the same 
pathway will reach the central attentioaal mechanisms more quickly 
than one which does not share the same pathway. Thus, we expect 
matching letters to reach attentional , mechanisms more "gjuickly than 
mismatches. For this reason overt finger responses which involve 
matching are more .rapid than those which involve mismatching. V We 
expected the same results fo^: voluntary eye movements which require 
the subject to determine first whether the signal matches or mis- 
matches. WheaJ^bie^ subject was instructed to move, only to matches 
he obtained faster reaction times than in the mismatch trials fo;r 
letters which occurred close to the fixation. On the other hand, 
for positions further out there was a tendency for mismatches ta 
be responded to more quickly. Unfortunately thia^ trend toward an 
interaction left us without a sirfficient amount ef^data to guarantee 
the significance of the results. Thus, we are not sure whethet 
pathway activation is limited only to those things which -occur near 
the fovea. If this is true, it will in i^tself- be an important 
finding. 

If we had found' cle-ar resu3fts that matches were faster than , 
mismatches for eye movejments which required the subject to make 
the distinction between €h^^o, it would then become interesting 
to ask whether . matches are different than mismatches when the 
subject need not make the distinction. If the eye movement system . 
IS controlled by mechanisms which are different than those con- 
trolling attention, the fact that matches arrive more quickly at 
the attentional mechanisms than mismatches may not affect the eye • 
movement.- Our pjreliminaty results show that the reaction times . 
when the subject need not make a distinction between matches and 
mismatches ane rapid (betw_6en 150 and 180 msec, as compared to ^■ 
between 400 and 450 for tliose which require the distinction) 
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and that there is no difference between' moving to matching ami mis- 
taStching letters. However^ -further 'analysis will be necessary in 
ordet to substantiate this result. ^ ^ 

Summary a 

% * ' ' > 

Woodworth began ^a program of research on movem.ent which sought 
an understanding of the naturp of voluntary as distin^'-f rom reflex 
control. Although progress nas been made in understanding some 
aspects of movement control, there have been few efforts to explore 
the light which movement control can shed upon the nature of volition 
Recent advantes in the psychology of attentioai during perceptual, 
tasks, many of which have been reviewed in this paper, coupled with 
the rapid progress that microelectrode techniques have made in 
physiology, seem to^ us to- offer promise of fresh advances in the 
direction of understanding the role of conscious attention in the* 
control of human*movemej<t. B\at in order to 'do so, a further analysis 
of voluntary and involuntary movement control, and a better under- 
standing of the structure of motor programs, will pe necessarv. \ 
These results obtained in our studies seem to provide -a preliminary [ 
basis for such an analysis. 



1 



J : 



• ' 36 



Attention ' ' ' . . *"' 

■ > 

The major contribution , of research under the current grant is 
our effort to understand the role of attention in the processing of 
t'asks. We have attempted to apply a new method which is called a ' 
cost benefit, analysis to the understanding of the process of atten- 
tion. Our main focus is the question of conscious a'ttention. and , • 
how it might be separated from more automatic types jQf. processing. 
But we have also applied the same analysis to problems such as the 
study of alertness and stimulus and response set and their role in 
attention. In previous work we have "distinguished ^tween three 
components of the process of atjtention. These are alertness, s^ec- 
tivity and conscious attention. • The cost benefit analysis proviS^ 
one .means fq|r the study of these components of attention. 

. Theo^es of attention 

•. ( ^, , • 

. Information processing theories of attention have been prolif er^- 
ating lately. It is^difficult to characterize the many different 
__theories_ of attention which have emerged' in. the last several years. 
HoweVer, one dimension on which theories tend to differ is the role 
which they assign to the inhibition of unatt.ended items as compared 
to the facilitation of attended^ terns. Some theories of attention, 
for example the filter theory of^oadbent (1958), the attenuation . 
theory of Treisman (1970) and the lateral inhibition theory of' 
Walley ^nd Weiden (19730 place emphasis on the inhibition of 

unattended messages. A process in the nervous system at some level 
blocks the processing of unatteiiided material, and thus prevents it 
from getting access to higher levels of analysis. On the other hand 
there are also theories which stress the facilitation of attended ' 
information. For example, the analysis by synthesis view made pop- 
ular in Neisser's 1967 book, and Donald Norman's pertinence theory ^ 
(1969) both stress the facilitation that occurs when an item is given 
attention. • ' 

Empirical techniques have been used to examine both of these 
types, 'bf theories. For example, the effect of set on perceptual 
threshold has been used to study the facilitation which occurs when 
a subject is expecting a given stimulus. On the, other hand, tlje 
psychological refractory period studies emphasize inhibition of 
si^gnals which occur during the reaction time- to a prior signal. 
These experiments have^been carried on more or less separately 
and have not been brought together into any single paradigm.. 

^Recently theories which represent a combination of facilitation 
and inhibition in the processing of signals have been presented. 
For example, Broadbent (1971) discusses a combination of inhibition 
and facilitation.^ The inhibition is an early stage in the processing 
and filters some aspects, of int>ut from being represented in sensory 
ev^idence. On the other hand, pigeonholing represents a £aci3^tory 
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process which occurs when a particular category , state has been • 
proactivated by context. Kahtieman .(1973) prdsonts a theory which 
involves undifferentiated units which can bo allocated" to one or 
another task. This view seem.-» to suqqest a .symmetry of facilitation 
and inhibition since units given to one task are withdrawn from 
another. The particular view which we will emphasize is one that 
has been outlined most thoroughly by Keele. (1973) and by LaBerge 
(1974). This vi^W discusses two different mechanisms in the 
processing of signals. The fxtst is an automatic lookup of infor- 
mation about the signal .in the memory system. This automatic lookup 
provides acce* to the habitual pathways which relate ah input signal 
to memory systems. A second and quite separate system is of more 
limited capacity and is closely tied to our ability to be aware of 
and apply effort to the processing of a signal. The idea is that 
any input signal, for example a word, will automatically activate 
internal units representing its physical form, its name and its 
semantic^ character. The activation process of such unita was dis- ' 
cussed in Section 1 oh pattern recognition. This activation process 
is automatic in the following senses:^ (1) it goes on even without 
the subject's intention, (2) it does not require any conscious 
^'awareness on th?j part of the subject, and (3) it is parallel and ' 
without interference. A number of our studies have been involved 
in showing this characteristic of automatic information processing. 

Automatic processing . • • 

Warren (197 0) us6d the Stroup effect to show the widespread 
characteristic of the activation pattern of words. He presented 
subjects with triples of words -Rurally, such as oak, maplfe and elm 
and follow^ed this^ith a single visual word. The subject's task ' 
was to name the color of-.ink of the word. In" his 1970 paper Warren 
showed that the time to name the color of the ink qf a word which 
was in the previous list or was a category to which the words onj - 
the list belonged (e,a^ tree) was greatly increased over control 
words. The int€rpret(ation is straightforward. When a word has 
been preactivated in \he nervous system, the visual pattern which 
makes the base of the Stroup item will contact that pathway more 
rapidly and will deliver ait output to the response system more 
quickly, thus interfering with the ability of the subject to name 
the color. 

Under this grant Warren has greatly 'extended and elaborated 
this result. He showed that a single word will activate Items 
according to the strength of their associations in word asso- 

ciation- norms. Moreover, Warren showed that only the forward asso- 
ciation from the auditory word to the subsequent visual word mattered, 
not the backward assoxiiation from the visual word to the' previous ' 
auditory word. This is an important finding, since it follbws from 
<the theory which Warren used to accoftit for his data. Notice that 
this experiment does not give the subject any incentive to £S~tivate 
related words. In. facte, many subjects becoift'6 aware during the 
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experiment that a word which is related to the one they have received 
aurally gives longer reaction times. However, their efforts to avoid 
this delay are not successful • Thus, these* results suggest that a 
word automatic ally ^Activates a^large number of different items in the 
nervous system. Ppsumably this is the basis for the finding in mem- 
ory that subjects will sometimes falsely recognize associates to a 
word which has been presented in a running recognition experiment 
(Underwood, 1965) • Warren's results also show that the activation 
pattern occurs without the subject's intention. , » 

tonrad (1974) also working under this graa t extended Warren's 
no^on by using ambiguous sentences. She prosented sentences to her 
sulyjects which ended with an ambiguous word. The ambiguity of the 
^ord was either disambiguated by context- or not. Following the aural 
presentation of the sentence she showed 'her subjects a single visud 
word which was printed in colored ink. The subject's task^was simply 
to name the coj^r of ink. In agreement with the Warren effect, she 
showed that the^t^me to name the color -of ink was longer when it was 
related to the se^terice.^ This was true both for the word itself and 
also for words related to either one of the two meanings of the sen- " 
tence. The size of the interference effect was .approximately equal 
whether the sentence had been disambiguated by context or not* These - 
results are shown in Table 1. Since the sentences which were di^Sam- 
biguated by context are consciously perceived in only one way,, the 
fact that both meanings of the ambiguous word are activated is. clear 
evidence tha^ the activation pattern is not dependent on the subject's 
conscious percept* 



Cost-benefit analysis 

These results led us to a more explicit statement of the theory 
with which we jDegan. The idea is that an input item activates its 
pathway in the memory system. The activation of this pathway will 
have facilitory effects for other items which share the same pathway 
as in the .Warren and Conrad .results, but will have no inhibitory 
effects oij other items. Thus, as long as the activation process is 
within. the memory system^ and does nqt involve the conscious atten- 
tion of the subject,* it will iiave^ benefits but no cost. On the other 
hand, once the subject begins* to commit his attention to the proces- 
sing of a particular item, whatever 'benefits occur from pathway* acti- 
vation will b6 accompanied by significant inhibition or post. The 
basis o£ the cost benefit , analysis was f ir3t outlined in a paper by 
Posner and Snyder (1974), in research, supported by this grant. The 
first set of experiments used a matching task. The' prime could 
either be a neutral warning signal or a single letter. It was followed 
after a short interval by a pair of letters to which the subject had ' 
to reTspond •'same'* or "different". We manipulated the probability 
that the prime would matcW the array, iri hopes that the subject's 
attention wouM be focussed on a letter prime which was highly predic- 
tive, but would not be attracted to a letter prime which was not 
highly predictive. ^ - * j 

In order to obtain the cost we subtracted the neutral prime 
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l|oan RTs and Their Oifferonce's for Correct Color Rospuns^s in tach 



Condition 



Display type 



Trial type 



Experimental 



3 



Control' 



Difference 



Ambiguous sentences 



V Ambiguous word 

Y ' 

AppropTiato category 
'inappropriate category 

-1 — 1 1- 


^ lfr44 


971 
_ 938^ 


73 
77 


u 

Ambiguous uord 

r ' . 

Appropriate category 
Inappropriate category 


nambiguous se 
1059 
'997 
993 


in trances 
.■ 1001 
936 
, 943 . 


58 ■ 

4 

•61 ' <^ 

•1* 
50 



Note^ — RTs» are expressed in milliseconds « - 

Not^ — Difference - Experimental mean minus Control mean^ 

a " » * " * 

Since there was no difference between appropriate and in- 
appropriate category conditions^ for ^gibiguous sentences, 
these i^ere combined into a single mean* 
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frbin the mismatching prime, and to obtain the benefit we subtracted 
^^rn,??."" 22 ?i^"'!u^''°"' neutral prime. .We found in general con- 

2.^^^ theoretical account that when a prime was highly ■ 
predictive there was very significant cost and benefit, but when the 
prime was not highly jJredictive there was still benefit but this 
Table°t^''''°"'^^"^^ "^^^^^ results are illustrated in 

.<.wA.l.L"'°''^ interesting prediction from the' original theory is-an ' " 
?hTr^!^ the temporal development of cost and benefit.- To study 
If tZ Ztl^ the. interval between the prime and the presentation ' 
vft^Sn^ nn! Vf^^* ^^^"^^ Predicts that due. to pathway acti- 

Xoi • ^ ''^'^u^'^^'^'' ""^^ facilitation function to rise sharply 

from the origin. However, the inhibition will not occur until the 

Sr'L Kou?r '° bring his active attention to the processing. 

Thus, It Should not occur until sometime later. The results orodnrpd 
good conformity with the theory and are shown' In Fi|uJr6. 

severlJ^^^^^iS'^r "^^5 ^^^^^ ^?Pi^^^ benefit analysis to 

TfZi^ f ? ^^^^^ include both sf-arching for a digit in 

a field of letters, and trying to determine whether the array includes 
an animal name.. Detailed analysis of these experiments is give^in 
tSL?^^ J\ ? general, they provide some conformation of the oJeJall 
S\h^^digS^LIrch^^iLr'^^^^ "^^^ - P-^i-^a'.ly when 

Level of inhibition ' .' . 

/ ,.°"®",i'^P°^^'a"t. question is the level at which the material is 
inhibited when the sut>ject's attention is focussed on anothe? iJem 
According to the general theory tliat we have been p?esln?Sa an ' 
unattended item is,no^ inhil^ted except at the s?age when ??'woSld 
•normally require the limited- processing system. Although oJr own 

a?u?e dHcovered^^r'^'t '^ '"'^ ^ -arch^of ?L Utor- 

^nt Ltt^ f an interesting result in a study by LaBerge (1974) 
not previously poanted out. Jn this study ^ the subiect'«, ;,tf*.r,tinn - 
was focussed either on the visual or audlL^y modaU?^ . ^ost 

Oect s attention was called. However, onv a small percentage of the 
^^cfc^^^^ ^-tT presented to a different modality. In all 
renort S^soh^^f! required to make a discriminatiljn in order to 
report i/hich of two stimuli had occurred. An examination oT^hl 

ITI^I°L1'T4 "-^l;-^ in. these, cases when SrsigTa? occurred ' 
jects were'faa? '° "^^^^/^ J, -J':J--t.s attention was called, sub- - 
in = fv- ^ ? theyVwere about as fast as if th4y were 

in. a block where only signals of one modality occurred When a 

s^1^er °'Sesf findSa ^^^^-^^^ -^^^^'^y. sub5ectrw;re^:ry\uch 
Slower. These findings were incorporated by LaBerqe into a aeneral 

weir^i?^ ltlT'°'' f ^J-^^i^ ^-tw^eh .todalities ihici flt^ quite " 
well with the type of, theory that we have been proposina above 

ratel^t. buHi^ "^^^^'^ att^^f^n "f^jS eiror 

rate data but did present -them. He found that when the subject 
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(9T.7) 


31** 
(3.4)**' 


0 

(2.6) 


447 

(92.6)1 


460 
(91.7) 


437 
95.5 



. t * p < .05 
•*p < -.01 




The time course of facilitation (benefit), ana inhibition (cost) 
1 of RT in the matching task. 
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switched modality he was highly accurate. Thus, presenting the 
'subject with an unexpected signal produced long reaction times but ^ 
low error rates in comparison with presenting him with an expected 
signal. The result suggests, though it does not prove, that the 
buildup of information from the unexpected signal occurred in a 
perfectly normal w^, and thus the delay in the subject's processing 
it produced a reduced percentage of errors. We hope to pursue 
this result in future work and report it together with additi6nal 
explorations of the same phenomenon. It gives every promise of 
allowing us to determine the .level of processing of unattended 
information. 

Response set 

In the studies reported previously the cue stimulus never 
provided information about the overt response the subject was to give. 
Regardless of the 'cue, the probability of each overt response remained 
at-. 5. There is a l^rge literature on choice reaction times showing 
the subject's knowledge about the response he is to make greatly 
improves "reaction time and errors when that response in fact is 
called for. The inhibitory consequences of response set, however 
have not been discussed in the literature. ' 

One of our experiments involved eight subjects who were run ' 
individually for three days. The subject's task was to classify a 
Single digit which appeared on a trial as to whether it was odd or 
even. At a fixed interval prior to each trial a prime signal was 
presented which was on half of the trials a plus sign and on the 
other half the letter 0 or the letter E. This was followed after a 
variable interval by a single digit selected from the digits 2 to. 9. 
The prime letter indicated the correct response on .8 of the trials 
and the incorrect response on .2 of the trials. The neutral cue ' 
produced a small decrement in reaction time and a small increase in 
errors. The effect is similar to what has occurred in many tasks 
when a warning signal is presented. When the prime matched the 
correct response there was a rapid improvement in reaction time which 
was significant by 150 msec, and continued to grow out to 500 msec. 
This was matched by an equally rapid increase in reaction time when 
the prime did not indicate the correct response. The change in 
reaction time is accompanied by like changes in error rates. The 
• increase i-n error with a mismatching cue is particularly pronounced 
even 50 msec following the prime stimulus. 

pne finds little evidence of the temporal asymmetry between 
facilitation and inhibition which occurred in the letter matching 
studies reported previously. Rather, 'in this study, there is a 

reasonably symmetric change in facilitation and inhibition. 
In the response set" study the cue leads the subject to infer the 
nature of the correct response. The prime cannot activate a path- 
way which will automatically facilitate processing. For this 
reason, it might be expected that no asymmetry would occur. It is 
> ' . 
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something of a puzzle that the effects do occur after as brief as - 
a 50 msec intei;val. It seems likely that the subject hcB time during 
the .processing of his task stimulus to perform in parallel the oper- 
ations which w4.ll facilitate the correct response, since reaction 

• time in these tests is at least 250 m^c. The finding that errors 
are highest ^t intermediate- values of for^period suggests that the 
response set is most susceptible to error during the time it is\ 
being completed. If the itask signal arrives while the set is increas- 
ing, errors are quite likely. When the set is completed/ the effect 
on errors is somewhat smaller. This is most strikihg when individual 
data are examined. 

Stimulus set 

' — , 

Treisman and Geffin (1967) have shown that when the word "tap" 
occurs on an unattended channel it usually does hot produce the 
instructed response, while the same word on the attended channel 
produces the instructed response on nearly every occasion. A,.*difler- 
ent result has been obtained by Shiffrin and his coworkers (1974). 
In these experiments a subject's knowledge about the channel of 
entry of a signal does not serve to improve his ability to detect a 
target nor determine its identity. There are many* differences in 
procedure and method between the work of Treisman .and Geffih and- J 
that of Shiffrin which may be used to reconcile the apparent differ- 
ences. We desire to focus not on the details of the method, but 
rather ori the theory that arises out of the two kinds of study. 
Treisman and Geffin conclude that attentioft has a very important effect 
on perceptual processing. The unattended stimulus is so badly inhi- 
' bited in its effect on the organism that he rarely responds to it.. ; ~ 
Shiffrin, on the other hand, concludes that attention does not affect 
perceptual ^processing, but only later stages dependent -upon jneraory* 
Much of this dispute may be semantic, but one Hifference between the 
two IS .that Treisman concentrates ori the- striking inhibition of an ' ^ 
unattended message over one to which the subject is paying active 
attention (cost + benefit in our terms). Shiffrin concentrates upoji 
the lack of facilitation (benefit) when the subject knows the channel 

* pf entry over when he is uncertain about' it. 

There are gopd^ reasons for suspecting that the failure to coitiitiit 
one's attention to any channel (t^e low attending conditions in Shiff- 
rin 's work) IS very ♦different from; attending to the wrong channel 
(the Treisman and Geffin low attending conditions). For example 
LaBerge (1974) has shown -that the <lepth of attention to a channel 
,greatly .affects the time to switch" to a new source of information. 
Thus, If the subject is engaged in actively attending to a channel, 
the effects on the unattended message may be quite different from 
when his attention is not specifically" focussed. 

According to our cost benefit analysis, these are qi^e -different ' 
aspects of attention. It is altogether possible that stimulus set 
provides no facilitation of "an unattended channel over a neutral 
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control, but at the same time provides inhibition of an- unattended 
channel in comparison with the neutral condition. Conditions for • 
this to occur may be exactly the conditions which reduce the probabi- 
lity that the subject will be able to shift ^tention to the unattended 
channel during 'the time that the message can persist in the ntsrvous 
system. 

4 

We have run experiments to investigate this, question. In our 
experiments the stimulus could either be presented visually or aurally. 
In the neutral condition the sab^ject never knew which type of signal 
^^5light be presented. On prime tri^pls he was givfen a signal which was^ 
m the same modality as the later signal to which he was to respond 
on .8 of the trials, and 'in- the opposite modality on .2. In other 
words, his attention was (airectQ.d to a particular channel which matched 
the channel of the input .8 of the time. The results of our prelim- 
inary analysis of^ these experiments indicate that the benefits ob- 
tained from directing the subject to the correct channel were rather 
small. The exact size of these benefits depends upon the way in which 
they are measured j On the other hand, the cost involved in directing 
the subject's attention to the wrong channel, was large and stable. 
Moreover, much of our data, in agreement with the earlier anal-ysis of . 
L^Berge, suggested that the error rate obtained when t'he subject 
attention was on the wrong channel was somewhat lower than when iiis 
attention was directed to the correct channel. This suggests that the 
information is building up from the wrong channel in the normal way 
and- the cost is due .to the subject's having to sh'ift attention some- 
time following the 'signal. 

Psyehobiology of attention ' ^ 

tt should be clear from our results t^at our information pro- 
cessing methods lead to ways of analyzing the facilitation and inhi- 
bition which occur during the processing bf messages in the^ervous 
system. It is natural, therefore, to attempt to link the results 
of the experiments ' reported above, to findings which, have involved 
recording electrical activity. This is a difficult thing to do 
because the majority of studies involved in electrophysiological 
recording have used animal subjects and techniques which are far 
different than the ones outlined in these experiments. A possible 
means of' linking the information processing literature with humans 
and the physiological resultp.is through the use of pathological 
material and evoked potentials recorded from the scalp. As part of 
this grant I haVe attempted to examine the relationships between 
information processing psychology and i)hysiological analyses of atten- 
tion. Th6 results of this examination appear in a chapter 'prepared 

a "fw Handbook of Psyehobiology. la many cases I have found 
convergence between the physiological results and those obtained from 
information processing techniques. Because the chapter is availa- 
ble for examination, I have included only one example in this fihal 
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What is the inechanisin by which a warning signal affects the pro- * 
cessing of information from a signal which follows it? A variety of 
physiological results suggest that the mechanism by which a warning 
signal wdfks is subcortical. That is, a warning signal leads to an 
alerting process which presumably involves stimulation pf some por- 
tions of the reticular activating system. The subcortical nature of 
this process is most clearly revealed in work with the split brain 
monkey. The warning signal produces a particular pattern of EEG 
activity sometimes called the contingent-niegative variation. .This is 
a negative drift in the EPG which, fills^ the interval between the . 
ocdturrence of the warning signal and the signal to which the subject 
'is to respond. If the signal is presented to only one h^misph^e 
in the split brain* monkey , the contingent-negative variation is^ 
found in both hemispheres. Thi^ result suggests thart the mechanism 
is subcortical. However, it does not tell us where the site of action 
of the alerting response is. Indeed, ,t]^e contingent-negative varia- 
tion spreads across^ the entire cortex. Thus, though the mechanism 
can be isolated physiologically as involving subcortical activity, 
the physiological data tell us nothing about how that mechanism 
function's. Here we need psychological data» "Our results 
suggest that the way the subcortical ^echanism works 'is* to 

affect association area cortex and not primary area cortejc. Although 
our results are only inferential , ^they do provide .consid^er^blie enlarge 
-ment of the physiological hypothesis. The reason that w6 believe^ 
these effects are. those ©f association cortex and not primary cortex 
is as follows. First', if the subject is presented with* & clear long- 
lasting signal, the improvement in reaction time' which follows the 
presentation of a warning signal is accompanied .by either no change 
in error or an increase in errors. On the othei^ "hand, we have shown 
that a warning signal improves the detectability of a brief stimulus 
flash followed by a i?ask (Klein and Kerr, 1974). If the warning 
signal was improving the buildup of information, about the signal, 
one would expect the improvement in reaction time to be accompanied / 
by an improvement in errors regardless of its duration, as it is 
when the warning signal activates a pathway related to the following 
imperative signal. Moreover, it is also found that the improvement 
in reaction time in the resppnse is not accompanied by any change in 
the process of pathway activation. As we have pointed out previously, 
when a subject is presented, vith one letter followed by a second 
letter against which he is to match it, the time between the tirst 
letter and the second letter is positively related to an improvement 
in reaction time and 'errors when the second letter occurs. This is 
the phenomenon of pathway activation. If one^prewarns the subject, of 
the occurrence of the first letter so that the pathway activation 
tattes place wl^en the organism is alert, there is no effect on the 
rate of pathway activation. Thus, 'once again we find clear evidence 
that although responding is affected by the w^arning signal, the rate 
of buildup of sensory or perceptual information is hot , affected. By 
using a combination of physiological and behavioral data then, we are 
able to trace out the means by which a particular subcortical mecha- 
nism produces its functional effect. Similar results are discussed 
in the paper for other mechanisms which may be involved in the study 
of attention. 
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, In summary, our work on attention 'has .taken sev^aX different 
forms* First, we have attempted to undfe^stand the automatic processes 
which occur outside of the subject's consfcdous attention. We have 
shown .evidtence for processes in the recognition of words which occur . 
without intention, without interference/ ^Second, we have applied our 
cost benefit analysis to l6ok at the reiationship between this par- 
allel automatic process and more limited capacity processes which 
we believe subserve awareness. Finally) ^e have examined in some 
detail* the possible relationships between these hypothetical behav- 
ioral mechanisms and those obtained from more .direct .measurements 
of electrical activity in the brain. 
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Wfe have developed two applications related to the ^r^search 
done under this grant* The first of these is an eleraen^tary text- 
book which describes for the introductory studdnt some of the aspects 
of mental structure. While rather* little of the experimental research 
dono undeTc this grant was reported in the textbook, some of the 
thinking, particularly that incorporated into the first section of 
the grant, led to the particular organization used in the textbook* * 

The gecond application also, cited in th^ bibliography^ is a' 
course meant. for students specializing in cognitive psychology. 
This laboratory course has a number, of features which follow from 
the analYsi$f^^of^mental structure which we have made. The idea- is 
th'at^it is^'nece^sary to convert theoretical ideas absorbed through 
reading to_kinds of mentaJ. organizations which will underlie the 
production of . experimental work in, the field. 'To do this we- dev- 
eloped 'a course which takes students in one quarter from an ,intro- 
duct.ion to the*"hature of experimentation to the point where they 
are designing and executing complicated experiments. To do this 

* we /used the P9wer of the electronic computer. The basic idea is 
,to begin by simulation' experiments which can be conducted directly 
by querying the computer.^ We start by giving the student an idea 
of th^ tyiie of noise present in psychological studies in an exper- ' 
itnent whidh requiifes them, to measure jsensbry thresholds. ' We then 
give the person the idea of the. logic of e^erimental design Jin a 

^l>rogram of research based upon the ,d±:?co very of the lateral inhi- 
bition mechanism underlying the limulus visual system. .From this 

' point we transition students^ from running simulations on "the com-^ 
puter to actual experiments. These SScperiments ^re pro^trammed . 
under a higher level language called experimentwr iter. ;t4n a sue- - 
cession of experiments we phase the student out of a mpi^'e of oper- 
ation Hhev^ he merely fills in parameters in already programmed ( 
experiments to* one in whibh he takes ^n aggressive 'role in the \ 
cons-true tion' and design of the experiment. ' The final exam intro- 
jiUQes the, student to a vartety of experimentation using the addi- 
tive factor method to react^ion ^time. Within 'this ^broad outline 

'the student then designs an experiment, programs it, and executes 
it himself. Osgood, Posner and Lyon (1973) presented a ^aper at 
the Fourth Conference on Computers and Undergraduate Instruction 
outlining thid course material. 
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